
REVIEWER COMMENTS</B> 

 

Reviewer #1 (Remarks to the Author): 

 

This is a good paper and does not need changes 

 

Reviewer #2 (Remarks to the Author): 

 

This is an excellent analysis, it has a simple approach to a complex multi-faceted problem and is very clearly 

written. The subject and results are highly topical and policy relevant – its simplicity is a major strength (not 

least because the results are important for a diverse audience, many of whom maybe non-technical) but in a 

research sense it is rather a drawback - the work is great, very thorough and methodologically and 

analytically rigorous (the assumptions made are clearly articulated and generally reasonable) and with 

interesting results but I’m unsure there is enough research advancement here to warrant publication as a 

research article in Nature Communications. This is to some extent an editorial decision but at the very least 

I’d ask the authors to explain more clearly (in the response and in the paper) what the main research 

advances are and how they are significant in relevant fields. The approach is not very novel, the modelling 

uses an established operational modelling system with no modifications, and the analysis while excellent is 

not really innovative so I’m not sure this is really a research paper, it is more of an important report, and as 

such might be better suited as a Perspective/Policy forum type piece? 

Some questions about where the innovation might lie…… 

There is reference to a cluster of recent citations on the GERD (lines 71 – 73) – how does this paper 

improve/add to these, are the results/insights different? (to what extent do the papers that generate 

synthetic inflow series produce results outside the observational series?) Is there broader potential to use 

this simple analytical approach in other cases? (what are its main strengths and weaknesses?) 

The linking between hydrological analysis and policy implications is interesting and very clear (the discussion 

of potential government and civil society perceptions of the risks is strong) but are there effective 

precedents for drought management plans that could be referred to? 

To what extent are standard design practices already doing this type of analysis and are there precedents 

for other international basins? How does this approach advance standard engineering design for 

infrastructure to manage variability? 

Is there anything about the variability in Nile flows that makes this situation different or comparable to other 

multi-reservoir problems….? 

Lines 484-485 - ‘This “historical trace” approach is restrictive relative to previous papers that have employed 

large numbers of stochastic flow sequences18,19, but results are more intuitive and easier to interpret’ – I 

agree with this but can you make a stronger case for why this is so – the simple set-up is very helpful - 

why? 

 

If the authors can provide a convincing argument for research significance and weave this into the paper 

then I think it would be suitable for publication as a research paper – the quality of the work is excellent and 

I don’t see any other specific requirements for revision. Below are some thoughts that could be considered 

but none are essential. 

 

Some points for consideration; 

 

Recent work in Sheen et al. (2018) has shown some skill in multi-year rainfall hindcasts using a decadal 

prediction system that gives significant correlations with observed rainfall averaged over a 2-5 year period 

across the Sahel, including some parts of the Blue Nile basin and central Sudan (see their figure 1). Advance 

warning of the next few years of rainfall conditions could inform early steps towards drought management in 

cases where dry conditions are forecast – I was recently involved in some scoping work on possible 

applications of multi-year forecasting in Sudan and (noting major scientific and operational challenges) there 

was considerable interest in the potential of multi-year (and extended lead time seasonal) forecasts for 

improved hydropower/irrigation management in the Blue and Main Nile systems (Ward and Conway, 2020). 

 



 

 

How realistic is a demand level for GERD to generate electricity of 1,600 MW? (is there any recent 

information about the current supply load and how soon new grid infrastructure might be in place?) 

 

It’s a shame the authors don’t have flow data more recent than 2002 (Figure 2), 18 years ago…. (any 

indication of how this missing period compares with the selected ‘traces’?). More work on assessing the 

realism of publicly available near real-time satellite-derived rainfall estimates (e.g. CHIRPS) over the 

contributing basins might help with transparency for riparians and could act as a proxy for recent flows 

(good rainfall - runoff relationships exist for the Blue Nile at basin-scale, and there is near real-time satellite 

record for the level of Lake Tana that could be helpful for extending lead times in early warning decision 

triggers). 

 

There is a lot of work looking at implications of multi-year variability in the Nile system (not least Hurst’s 

pioneering work on the Nile) – the Equatorial Nile and Eastern Nile systems are not strongly 

correlated…..’traces’ or stochastic models should ideally treat them separately. What would happen if a 

sequence of low flow years in both systems occurred (I think White Nile flows were well above long-term 

average during 1978-87 and buffered the low Eastern Nile flows), or wet as was possibly the case pre-1900? 

 

I think it’s fair to say there is large uncertainty about short and long term flow patterns that result from 

multi-year drivers of variability and climate change. However, warming will continue and the already 

substantial evaporation losses from the reservoirs will potentially increase…..is this worth a mention (cite 

estimates of changes in evaporative losses from the reservoirs)? 

 

The dry period used as a trace in this paper prompted Egypt to develop capacity for modelling and planning, 

a department focussing on monitoring and forecasting of Nile flows and a strong water policy focus on 

scarcity, but the subsequent (prolonged) return to higher flows relaxed the level of concern (Abu Zeid and 

Abdel-Dayem, 1992; Conway, 2005) – the GERD could act as another trigger for capacity building for DRM 

(and potentially cooperation) - this analysis is a timely reminder that a multi-year sequence of below 

average flows is a very real threat. 
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Referee #3 

Review of the paper: Understanding and Managing New Risks on the Nile with the Grand Ethiopian 

Renaissance Dam  

25. It is important to extend the average flow of the Nile to cover the period 2002 up to 2019.  

34. HAD total design capacity was 162 bcm and dead storage was 31.6 bcm. However, due to reservoir siltation 

of 7 bcm the capacities are now different, 46% is deposited in the live storage.  

47. HAD design capacity was 162 bcm, now 155 bcm. 60. GERD new capacity of turbines is 6450 M and hence 

annual power generated will be in the range of 15962-17500 Gwh.  

141. There is no logic to build the assumptions on HAD storage of 120 bcm. It is well known that the first or 

initial filling is going to start on July 2020 where HAD water level will be 179.6 m, or a little bit less, with a 

capacity around 147 bcm. The paper has to work on actual values not hypothetical ones.  

149. Fig. 4. Use the actual situation (level and volume of water) expected to be at HAD on the first of July 2020.  

456. Sudan total abstraction is 12.2 bcm at Aswan and not 16.7. This is based on actual measured values.  

469 – 471. Diversion of Sudan is measured by both Sudan and Egypt authorities and not debated. This is based 

on the Permanent Joint Technical Commission, PJTC, record.  

472. Assuming 16.7 bcm withdrawal by Sudan is not right.  

474. Assuming withdrawal of 2 bcm from lower Beles is exaggerated since GERD reservoir is going to submerge 

80 – 90 km of the arable land in this part of lower Beles.  

547. Roseries reservoir capacity is now 5.9 bcm. 2 709. Table S1. Rosereis minimum pool elevation is now 471 

m instead of former level of 467 m. Also review HAD levels.  

712. Table S2. Sudan water demand is now 12.2 bcm at Aswan. Ethiopia water demand to be also reviewed 

based on what is mentioned in 474.  

730. Table S4, and Table S5. Review Sudan annual evaporation based on: Merowi 1550 m, Sennar 300 m and 

Roseries 650 m. Review also HAD evaporation.  

Conclusion 

 1. This paper overlooked that the existing situation in HAD reservoir is a combination of the unutilized share of 

Sudan quota (6.5 bcm at Aswan) and the extra flood waters accumulated during the last three decades that 

should also be divided among the two countries (3.5 bcm for each) according to the 1959 Nile Water 

Agreement. 

 2. Evaluation of the first filling has to start from the actual level and capacity of HAD on first of July 2020 not 

based on a hypothetical level and capacity.  

3. The paper is timely and covering a pertinent issue now under consideration and negotiation by the three 

countries.  



Prof. Seifeldin Hamad Abdalla, ED Nile Basin Initiative. May 2020. Entebbe, UG 
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Response to Reviewers’ Comments - "Understanding and Managing New Risks on the Nile with the 
Grand Ethiopian Renaissance Dam"  
 
 
Reviewer #1: 
 
This is a good paper and does not need changes 
 
Authors’ Response: We appreciate Reviewer #1’s positive assessment of our paper. 
 
Reviewer #2: 
 
Comment No. 1: This is an excellent analysis, it has a simple approach to a complex multi-faceted 
problem and is very clearly written. The subject and results are highly topical and policy relevant – its 
simplicity is a major strength (not least because the results are important for a diverse audience, many 
of whom maybe non-technical) but in a research sense it is rather a drawback - the work is great, very 
thorough and methodologically and analytically rigorous (the assumptions made are clearly 
articulated and generally reasonable) and with interesting results but I’m unsure there is enough 
research advancement here to warrant publication as a research article in Nature Communications. 
This is to some extent an editorial decision but at the very least I’d ask the authors to explain more 
clearly (in the response and in the paper) what the main research advances are and how they are 
significant in relevant fields. The approach is not very novel, the modelling uses an established 
operational modelling system with no modifications, and the analysis while excellent is not really 
innovative so I’m not sure this is really a research paper, it is more of an important report, and as such 
might be better suited as a Perspective/Policy forum type piece? 
 
Authors’ Response: The reviewer raises an important question, i.e., what is the research contribution?   
The reviewer says that our analysis is “excellent”, “very clearly written”, “highly topical”, “policy 
relevant”, that “its simplicity is a major strength.” But the implication is that this paper is somehow 
simply a translation of more complex, sophisticated technical analyses to a nontechnical audience that 
are already well understood by scientists working in the Nile basin. Thus, the reviewer says that the 
approach is “not very novel” and implies that its value lies in explaining complex results that scholars 
already understand.  
 
In the revised manuscript, we address Reviewer #2’s suggestion that we “explain more clearly (in the 
response and in the paper) what the main research advances are and how they are significant in 
relevant fields.” In fact, we make two substantive contributions. First, we provide a new narrative about 
the management of risks in the Nile basin that both technical and nontechnical audiences can 
understand.  Our description and framing around the “Three Eras” with different risk management 
problems is new, and it is not currently understood by either technical or nontechnical audiences in the 
Nile basin. The narrative combines key aspects of the physical representation of the basin with 
operations that reflect realistic objectives of the riparians, framed using hydrologic scenarios from the 
observed record. Once someone reads this narrative, it perhaps “seems simple” and obvious, but we 
argue that the results are in fact a reflection of a powerful and compelling narrative that reveals 
complex behavior that has not been previously characterized. Indeed, it is often hard for modelers of 
dynamic nonlinear systems to understand the implications of their own results. There are approximately 
a dozen Nile modeling teams around the world trying to better understand the problem of the 
optimization of the multi-reservoir system and risk management in the Nile basin, and these teams have 
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published many papers on the problem including ones specifically about the GERD. However, this is the 
first paper to use a narrative methodology to illustrate the essence of the new situation that the basin is 
now facing. To clarify this contribution, we now cite – in the methods section – the literatures in 
business and policy analysis that describe the importance of using narratives to explain both status quo 
conditions and the consequences of policy interventions that have rarely been applied in the hydrology 
and water resources domain. 
 
The second major contribution of this paper is to reveal how scenarios of water risks on the Nile may 
manifest as observable impacts and subsequently propagate by affecting the emotions of policy makers 
and civil society in the Nile basin. The many modelling teams working on the Nile are aware of these 
political tensions and are more or less explicit about the conflicting goals of the Nile riparians. However, 
because their analysis has largely been in terms of metrics like hydropower production and economic 
impact, they have not engaged with the potential political and societal reactions to the observable 
impacts of construction of the GERD – namely perceptions of changed water levels elsewhere in the 
system. Until our paper, no one had discussed the linkage between the results of the Nile modeling 
efforts and how these consequences are likely to induce emotions like panic and fear. For example, we 
show that during the filling of the GERD, the HAD reservoir will fall for several years as a physical 
consequence of withholding more water in Ethiopia, even during moderate hydrologic conditions. We 
then demonstrate that the levels in the HAD reservoir are likely refill after the GERD reaches its 
operational level. Unlike other modeling efforts, we discuss how this falling level of the HAD may induce 
fear and panic in Egypt, even though the HAD Reservoir will eventually recover. We argue that these 
perceptions need to be understood and demand careful attention from policy makers lest they lead to 
knock-on effects that induce even more tension in the basin.  
 
Comment No. 2:  Some questions about where the innovation might lie…… 
There is reference to a cluster of recent citations on the GERD (lines 71 – 73) – how does this paper 
improve/add to these, are the results/insights different? (to what extent do the papers that generate 
synthetic inflow series produce results outside the observational series?) Is there broader potential to 
use this simple analytical approach in other cases? (what are its main strengths and weaknesses?) 
 
 
Authors’ Response:   
 
In the revised manuscript, we address Reviewer #2’s comments on the relation of our work to the 
existing literature by adding a new section in the Supplemental Materials (“Relation to the Existing Nile 
Systems Analysis Literature”). We explicitly position this paper within the array of previous studies.  The 
new text reads: 
 
“The existing systems analysis literature on the Nile focuses largely on methodological issues in the 
simulation and optimization of multi-reservoir systems. Some papers include stochastic flow sequences 1-

4 and various climate scenarios 5-10 , but most authors use simplified representations of the Nile 
infrastructure in order to illustrate new methods. Several studies have sought to quantify the value of 
consequences in economic terms 1,5,10-13. Although such quantification of economic consequences is 
useful when applying formal decision analysis, most presume some degree of idealized or optimal 
operations. In actual negotiations on contested rivers, decision makers are typically more interested in 
directly observable consequences of proposed agreements and plans (e.g., reservoir releases and levels).  
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We have been a part of and learned from this systems literature on the Nile. As a result, in this paper we 
distill the salient aspects of the system behavior and reflect these aspects in a small number of selected 
flow sequences. In contrast to the existing literature, the analysis in this paper focuses on the actual 
operational characteristics and observable consequences (e.g. reservoirs releases and levels) of the 
Eastern Nile system, which we believe will make our results more credible to decision makers. Although 
most of the papers in this literature describe the transboundary context and acknowledge the differing 
objectives of the various Nile riparians, none uses a narrative methodology to assist decision-makers’ 
interpretation of modeling results. 
 
We have used historic flow series as part of a narrative methodology to complement rather than 
supersede stochastic simulations and associated uncertainty methodologies that involve more 
exhaustive or probabilistic analysis of extreme events 4,14. These stochastic methods are attractive for 
exploring the inevitable variability and uncertainty in river flows, and have been found to lead to more 
efficient water resource management plans15. However, we question their applicability in highly 
contested situations where actors have conflicting understandings and where trust is low. The 
appropriate use of combinations of methods will depend on context, but we emphasize that the use of 
historical, narrative methodologies such as presented in this paper should not be viewed as a 
methodologically inferior approach.” 
 
In the revised manuscript, we also address Reviewer No. 2’s two questions … 

1) Is there broader potential to use this simple analytical approach in other cases? (what are its 
main strengths and weaknesses?); and 

2) The linking between hydrological analysis and policy implications is interesting and very clear 
(the discussion of potential government and civil society perceptions of the risks is strong) but 
are there effective precedents for drought management plans that could be referred to? 

 
We now argue more clearly that narrative methodology coupled with historical flow series can be more 
widely used as a complement, not a substitute for systems techniques using stochastic methods. 
 
Regarding the question “to what extent do the papers that generate synthetic inflow series produce 
results outside the observational series?” 
 
Yes, in our revised text we have acknowledged that this is possible:  
“From the perspective of a hydrologist planning for future climatic events, the use of historical flows to 
simulate a water resource system is restrictive because it ignores floods, droughts and sequences of 
flows that are possible but not within the historical record 16,17. Advanced stochastic methods for 
synthetic hydrology generation have been available for decades and continue to evolve 18 and the 
stochastic character of Nile flows has been extensively studied 19-21 resulting in state-of-the-art synthetic 
generation techniques that demonstrate a very large range of future possibilities for the Nile22-24.” 
 
Nonetheless, we do not believe that more extensive sampling of synthetic flow conditions would 
substantively change our results. A thought experiment of the possible implications is as follows:  

• Era 1: Drier conditions would prolong the time required to fill the reservoir (effecting Ethiopia’s 
objectives), and depending on the release arrangement agreed, increase the impact on Egypt.  

• Era 2: This is by definition a ‘central’ sequence within the observed range 
• Era 3: We have analyzed the impact of a historic multi-year drought. The implications would 

only be amplified for more prolonged or severe droughts, but the underlying challenges and 
perceptions would be the same. 



 4

We do not think our narrative would change substantively in more severe conditions. Synthetic 
sequences are more useful for quantification, impact analysis and risk analysis, but selected traces are 
sufficient, and arguably more effective to develop a convincing narrative, especially given that the 
historical record offers circumstances (in eras 1 and 3) that illustrate substantial strain on the system.  
 
Reviewer 2’s Question: The linking between hydrological analysis and policy implications is interesting 
and very clear (the discussion of potential government and civil society perceptions of the risks is 
strong) but are there effective precedents for drought management plans that could be referred to? 
 
The development or modification of policy, especially drought management plans, in response to 
hydrologic variability is common in water scarce regions such as the western U.S. The Colorado River 
Basin (CRB) is similar to the Nile in having two large multi-year storage reservoirs that operate to supply 
water to seven states and Mexico. The 2019 Drought Contingency Plan 25 (Congressional Bill 2030, 
2019), a plan to reduce the risk of reservoirs declining to critical elevations, was designed to address the 
current 20-year drought of record. Hydrologic analysis played a major role in the negotiations. The 
Bureau of Reclamation employs a wide range of methods for projecting future hydrology in the CRB 
including resampling of the 112—year historic record, ~700 years of paleo data (from tree ring 
reconstructed hydrologies, and GCM generated climate change projections. Related to our historic 
narratives, the CRB also considers the 1988-2018 “Stress Test” observed period that removes earlier 
high flow periods and includes the recent drought of record.  
 
Comment No. 3:  To what extent are standard design practices already doing this type of analysis and 
are there precedents for other international basins? How does this approach advance standard 
engineering design for infrastructure to manage variability? 
 
Authors’ Response: We make clear that the use of selective historical traces is a standard design 
practice. What is not common is the organization of the results of historical traces into a narrative for 
both technical and nontechnical audiences.  We now reference the policy analysis literature on the 
importance of using stories to persuade people and policy makers of both a problem description and an 
appropriate policy intervention. 
 
In the revised manuscript, we expand our argument that the selective use of historical flow series to 
better visualize the likely consequences of different hydrological sequences—and organizing these 
historical traces into an easy-to-understand narrative- is an important contribution and is likely 
replicable in other river basins. 
 
We wish to emphasize that the challenges that our paper addresses is not one of engineering design. 
The GERD has already been designed, so the question is how to operate a completed dam in a way that 
does not intolerably harm the interests of downstream riparians. This is a different question to the 
design question, but it would preferably be dealt with at the same time as engineering design. In other 
words, design and operational rules would typically be dealt with at the same time in a less politically-
divisive context. Best engineering practice would use a combination of historical traces and stochastic 
series. Leaving the agreement on operational questions until the reservoir is filling is quite unusual, so 
one could argue that good engineering and water management practice has already been violated. But 
we can’t turn the clock back, so our methodology is intended to shed new light on an extremely 
important and very challenging situation. Though this is an unusual situation, it is unlikely to be unique 
given the number of dams on transboundary rivers that are planned, and the past evidence of tensions 
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over such projects in other contexts (e.g., the Tigris/Euphrates, the Mekong, the Indus) where the clarity 
of the narrative is more acutely critical than the breadth of the stochastic possibilities.  
 
Comment No. 4: Is there anything about the variability in Nile flows that makes this situation different 
or comparable to other multi-reservoir problems….? 
 
Authors’ Response: After the completion of the GERD, the Nile will be unique in one important respect. 
It will be the only international river with two large over-year storage reservoirs in two different 
countries in a water-scarce basin. However the Colorado River Basin (CRB), the most similar 
international water-scarce basin, has two over-year storage reservoirs that are “owned” by two groups – 
the Upper Basin States, and the Lower Basin States, and has highly variable flows, comparable to the 
Nile. These two groups, along with Mexico as the ‘third’ major user, represent very different water use 
perspectives. Negotiating the operating policy of the river has historically depended on compacts, laws, 
court rulings and international treaties - all time-consuming, bureaucratic and contentious processes. 
The new 21st century paradigm is collaborative negotiations with shared modeling and analysis, and has 
resulted in positive outcomes including the 2007 Interim Guidelines for Lower Basin Shortages and 
Coordinated Operations of Lake Mead and Lake Powell. The Eastern Nile countries could benefit from a 
similar process, keeping in mind the narratives presented in this paper. 
 
 
Comment No. 5: Lines 484-485 - ‘This “historical trace” approach is restrictive relative to previous 
papers that have employed large numbers of stochastic flow sequences 18,19, but results are more 
intuitive and easier to interpret’ – I agree with this but can you make a stronger case for why this is so 
– the simple set-up is very helpful - why? 
 
Authors’ Response: In the revised manuscript, as discussed above, we emphasize the importance of 
using the historical flow series to create a narrative, and we reference the policy analysis and business 
literature on the value of narrative methods for both describing status quo conditions and illustrating 
the consequences of policy interventions. 
 
Comment No. 6: If the authors can provide a convincing argument for research significance and weave 
this into the paper then I think it would be suitable for publication as a research paper – the quality of 
the work is excellent and I don’t see any other specific requirements for revision.  
 
Authors’ Response: We appreciate Reviewer #2 suggestion, and in the revised manuscript we have tried 
to weave a convincing argument for research significance into the paper. In particular, we have  

1. Added a new opening passage to the Conclusions that emphasizes the originality of the ‘three 
Eras’ 

2. Explained, in the Methods section, how our use of historic traces complements other 
hydrological approaches and is particularly applicable in this context 

3. Introduced a new section at the start of the Supplemental Material which positions our research 
in relation to previous studies of the Nile.  

 
Comments No. 7: Recent work in Sheen et al. (2018) has shown some skill in multi-year rainfall 
hindcasts using a decadal prediction system that gives significant correlations with observed rainfall 
averaged over a 2-5 year period across the Sahel, including some parts of the Blue Nile basin and 
central Sudan (see their figure 1). Advance warning of the next few years of rainfall conditions could 
inform early steps towards drought management in cases where dry conditions are forecast – I was 
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recently involved in some scoping work on possible applications of multi-year forecasting in Sudan and 
(noting major scientific and operational challenges) there was considerable interest in the potential of 
multi-year (and extended lead time seasonal) forecasts for improved hydropower/irrigation 
management in the Blue and Main Nile systems (Ward and Conway, 2020). 
 
Authors’ Response: We agree that forecasting systems are demonstrating increasing skill to an extent 
that forecasts could be worth using for enhanced reservoir operation. We are, however, reluctant to 
introduce the possibility of using forecasts into our paper, for a number of reasons:  

1. We have endeavored to keep the reservoir operation rules that we are simulating as simple as 
possible, for example based on agreed release volumes or target hydropower generation value. 
Operation rules based on forecasts are inevitably much more complex, which would detract 
from the understandability of our paper and the focus on the three Eras presented here. 
Regardless of whether an agreement is reached and the degree of operational complexity 
embedded within that agreement, the concept of the 3 eras will remain salient.   

2. We are aware that it is proving to be difficult to agree upon observable hydrological quantities 
that will form the basis for a treaty. Even arrangements based on reservoir levels and gauged 
inflows to the GERD Reservoir are proving to be controversial and may be exceptionally difficult 
for the countries to implement. We believe that there is no realistic prospect of operational 
rules based on seasonal forecasts being accepted at the moment. Once an agreement based on 
basic hydrological variables is in place, it may be possible, in due course, to extend it to 
incorporate forecast information.  

3. We have demonstrated in our paper that the most critical condition for the Eastern Nile Basin 
system will be water allocation at the end of a prolonged drought. A forecast of the drought end 
would be reassuring, but it will not detract from the political question that we have articulated: 
which reservoir should be filled first, so how should the ‘pain’ of the end of the drought be 
shared? 

 
Comment No. 8: How realistic is a demand level for GERD to generate electricity of 1,600 MW? (is 
there any recent information about the current supply load and how soon new grid infrastructure 
might be in place?) 
 
Authors’ Response: 
 
We used our previous studies4 to select this generation rate at a standard 90% reliability, and we have 
now expanded the paper with reference to an independent study that projects the expansion of the 
Electricity demand by 250% within the next decade.  This projection, along with Ethiopia’s own Growth 
and Transformation Plan and the various Power Purchase Agreements that are being negotiated, leads 
us to believe that demands will not fall significantly behind the supply from the GERD. Future dam 
developments will certainly need to re-evaluate this issue. The text now reads: 
 
“Electrification scenarios project an increase of demands from 11.1 TWh in 2020 to 27.3 TWh in 203026, 
suggesting a doubling of the current 4,400 MW of installed generation capacity with the 5150 MW from 
the GERD could soon be justified.” 
 
Comment No. 9: It’s a shame the authors don’t have flow data more recent than 2002 (Figure 2), 18 
years ago…. (any indication of how this missing period compares with the selected ‘traces’?). More 
work on assessing the realism of publicly available near real-time satellite-derived rainfall estimates 
(e.g. CHIRPS) over the contributing basins might help with transparency for riparians and could act as 
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a proxy for recent flows (good rainfall - runoff relationships exist for the Blue Nile at basin-scale, and 
there is near real-time satellite record for the level of Lake Tana that could be helpful for extending 
lead times in early warning decision triggers). 
 
Authors’ Response: 
We appreciate the reviewer’s suggestion and have now worked to extend a naturalized sequence of 
flows up to 2018, which is shown in a revised Figure 2. The additional 16 years of data did not 
significantly change the average, minimum or maximum of the naturalized flows at Aswan, and 
therefore did not justify using any traces that are different from those analyzed previously.   
 
 
Comment No. 10: There is a lot of work looking at implications of multi-year variability in the Nile 
system (not least Hurst’s pioneering work on the Nile) – the Equatorial Nile and Eastern Nile systems 
are not strongly correlated…..’traces’ or stochastic models should ideally treat them separately. What 
would happen if a sequence of low flow years in both systems occurred (I think White Nile flows were 
well above long-term average during 1978-87 and buffered the low Eastern Nile flows), or wet as was 
possibly the case pre-1900?  
 
 
Authors’ Response: We appreciate the reviewers knowledge of the Nile system and they are indeed 
correct that the two headwater regions are not strongly correlated. Looking at historical gauge data 
from Soba (Blue Nile) and Malakal (White Nile), it is apparent that the 1980’s drought is primarily on the 
Blue Nile but the White Nile drops for a few years during this period as well. We argue that including 
such an analysis would confuse the narrative approach what we are advocating here, but should be 
considered in more detail in future research. 
 
 
Comment No. 11: I think it’s fair to say there is large uncertainty about short and long term flow 
patterns that result from multi-year drivers of variability and climate change. However, warming will 
continue and the already substantial evaporation losses from the reservoirs will potentially 
increase…..is this worth a mention (cite estimates of changes in evaporative losses from the 
reservoirs)?  
 
Authors’ Response: In our revised manuscript we have mentioned this issue as suggested by Reviewer 
#2. Specifically we added a section to the evaporation discussion in the supplemental materials as 
follows:  
 
“Although this study emphasized the use of historical hydrologic scenarios to develop the narratives of 
the three eras, we also recognize the likely implications of climate change on the Nile Basin. Various 
Global Climate Models (GCMs) tend to show a wide variation in projections of precipitation, however 
most models tend to agree that increased temperatures are likely 20,27. Higher temperatures not only 
increase water consumption due to increased evapotranspiration28, but also increase the relative 
advantage of storing water in less arid regions of the basin to minimize evaporative losses29, thus 
increasing the relative benefit of storing water in the GERD Reservoir as compared to the HAD 
Reservoir.” 
 
 
Comment No. 12: The dry period used as a trace in this paper prompted Egypt to develop capacity for 
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modelling and planning, a department focusing on monitoring and forecasting of Nile flows and a 
strong water policy focus on scarcity, but the subsequent (prolonged) return to higher flows relaxed 
the level of concern (Abu Zeid and Abdel-Dayem, 1992; Conway, 2005) – the GERD could act as 
another trigger for capacity building for DRM (and potentially cooperation) - this analysis is a timely 
reminder that a multi-year sequence of below average flows is a very real threat. 
 
Authors’ Response: The current situation is certainly re-emphasizing the importance of government 
water management capacity within the riparian countries. We have been actively involved in building 
that capacity. One of our key messages is that if filling the GERD proceeds uneventfully and climatic 
conditions permit a transition into the ‘new normal’ then it is possible that the “level of concern” will be 
“relaxed” again. Our paper argues that this would be regrettable because water management capacity 
will be required when a prolonged drought happens.   
 
Reviewer #3 
 
25 – It is important to extend the average flow of the Nile to cover the period 2002 up to 2019. 
 
Authors’ Response: 
We appreciate the reviewer’s suggestion and have worked to extend of the sequence of naturalized 
flows until 2018, which is shown in a revised Figure 2 (also mentioned in our response to Reviewer #2.) 
The additional 16 years of data did not significantly change the average, minimum or maximum of the 
naturalized flows at Aswan, and therefore did not justify using traces that are different from those 
analyzed previously.  
 
34. HAD total design capacity was 162 bcm ad dead storage was 31.6 bcm. However, due to reservoir 
siltation of 7 bcm, the capacities are now different, 46% is deposited in live storage. 
 
47. HAD design capacity was 162 bcm, now 155 bcm. 
 
Authors’ Response: We appreciate the reviewer’s suggestion and have made this adjustment to our 
results, to account for sedimentation. We also added the following statement:  
 
“Since construction of the dam, sediment accumulation has reduced the total capacity by approximately 
7 bcm, with approximately 46% deposited in the live storage.” 
 
 
60. GERD new capacity of turbines is 6450 MW and hence annual power generated will be in the range 
of 15,962-17,500 GWh. 
 
Authors’ Response:  We thank you for this detail.  We acknowledge that the installed capacity stated by 
Sudan once reached 6450 MW, however we now understand this was subsequently reduced by the 
Ethiopian Ministry of Water, Irrigation and Energy in 2019.  Based on the statement on 14 May 2020 by 
the Govt of Ethiopia to the UN Security Council30, we have updated the installed capacity to 5150 MW.  
 
141. There is no logic to build the assumptions on HAD storage of 120 bcm. It is well known that the 
first or initial filling is going to start on July 2020 where the HAD water level will be 179.6 m, or a bit 
less, with a capacity of 147 bcm. The paper has to work on actual measured values. 
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Authors’ Response: 
We appreciate the reviewer’s comments and his encouragement to update the model runs.  As 
recommended by Reviewer #3, we have adjusted the modeling runs for Era 1 (Filling) to reflect the most 
recent pool elevations derived satellite measurements. The logic for Eras 2 and 3 is to start the HAD 
Reservoir partially full because no one knows where the reservoir storage will be or what the condition 
will be when a ‘new normal’ or ‘extended drought’ era begins. It would be unrealistically optimistic to 
start Eras 2 and 3 (which correspond to some unknown future starting date) with the reservoir full.  
 
149. Figure 4. Use the actual situation (level and volume of water) expected to be at HAD on the first 
of July 2020. 
 
Authors’ Response: 
As described above, we have updated the initial condition to represent the actual pool elevation of the 
HAD at the 2020 start time of the model.  
 
456 – Sudan total abstraction is 12.2 bcm at Aswan and not 16.7. This is based on actual measured 
values. 
 
469-471 – Diversion of Sudan is measured by both Sudan and Egypt authorities and not debated. This 
is based on the Permanent Joint Technical Commission, PJTC, record. 
 
472 – Assuming 16.7 bcm withdrawal by Sudan is not right. 
 
Authors’ Response: 
To respond to Reviewer #3’s concern about our estimate of Sudanese abstraction measured at Aswan of 
16.7 bcm, in the Supplementary Materials we have included a sensitivity analysis that shows the 
consequences of our results for an assumed Sudanese withdrawal of 12.2 bcm measured at Aswan. 
Nonetheless, the main analysis in the paper uses the higher estimate. Here we would note that many 
knowledgeable observers believe that total abstractions by Sudan are substantially above 12.2 bcm 
measured at Aswan. Nearly 15 years ago Sudan provided Blackmore and Whittington an estimate total 
abstraction by Sudan at 13.8 bcm, and this did not include evaporation losses from the Merowe 
Reservoir. Most of the modelers working in the Nile basin are now using estimates of total abstraction 
by Sudan close to our estimate of 16.7 bcm, relying on data collected from various parties in the 
basin4,10,31,32.  
 
474 – Assuming withdrawal of 2 bcm from lower Beles is exaggerated since GERD resrovir is going to 
submerge 80-90 km of the arable land in this part of the lower Beles. 
 
Authors’ response: We appreciate the clarification from the reviewer about this physical reality. The 
additional withdrawals have been modified to only show the proportion reported for the Upper Beles 
Command Area, transfers from the Beles to the Dinder and irrigation projects in the Arjo and Anger sub-
basins. We added a specific citation providing the source of these estimates. 
 
547 – Roseries reservoir capacity is now 5.9 bcm. 
 
Authors’ response: We have made this clarification now in the revised manuscript. 
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709 – Table S1. Roseries minimum pool elevation is now 471 instead of former level of 467m. Also 
review HAD levels. 
 
Authors’ response: We appreciate this updated information and have incorporated this into the updated 
manuscript and analysis. 
 
712 – Table S2. Sudan water demand is now 12.2 bcm measured at Aswan. Ethiopia water demand to 
be also reviewed on what is mentioned in 474. 
 
Authors’ response: see our answers above. 
 
730. Table S4, and Table S5. Review Sudan annual evaporation based on Merowi 1550 m, Sennar 300 
m, and Roseries 650 m. Review also HAD evaporation. 
 
Authors’ response: After making the requested updates to the initial conditions of the model, we have 
now revised all of the results in the supplementary tables including the evaporation volumes, which are 
specific to the particular scenarios evaluated in the model. 
 
Conclusion … 
 

1. This paper overlooked that the existing situation in HAD reservoir is a combination of the 
unutilized share of Sudan quota (6 bcm at Aswan) and the extra flood waters accumulated 
during the last three decades that should also be divided among the two countries (3.5 bcm 
for each) according to the 1959 Nile water Agreement. 

 
Authors’ response: We acknowledge the HAD has refilled to be almost full today, and Figure S3 shows 
the most recent storage levels as of 15 June 2020. Indeed, this is likely the result of relatively elevated 
Nile flows and upstream development that has been lower than anticipated, allowing Egypt to make 
releases in excess of the allocation specified in the 1959 agreement. In this paper we focus on the three 
eras as future and expected conditions that the countries will face, and we explicitly do not evaluate the 
legal interpretations of how previously accumulated excess water should now be allocated. We believe 
this is outside of the scope of this paper.  

 
2. Evaluation of the first filling has to start from the actual level and capacity of HAD on first of 

July 2020 not based on a hypothetical level and capacity. 
 
Authors’ response: We appreciate this suggestion and have updated our analysis to reflect the current 
storage levels in the HAD. 
 

3. The paper is timely and covering a pertinent issue now under consideration and negotiation by 
the three countries. 

 
Authors’ response: We appreciate Reviewer #3’s assessment that our paper is timely and important.  
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REVIEWERS' COMMENTS: 

 

Reviewer #2 (Remarks to the Author): 

 

The authors have done a good job in responding to the referee comments and revising the paper. The 

justification of the research significance is convincing (although it could be signalled more in the 

introduction). 

This is a very clearly written and accessible analysis coming at a crucial time for the Nile and its publication 

will hopefully provide an excellent benchmark for further studies and debates on this contentious issue. 

I recommend publication without any further revision. 

I have one observation, that does not need addressing, re the description of 'consequences of a severe 

multi-year drought' (from Line 337). Clearly there is major concern about how low HAD reservoir levels will 

be felt/perceived in Egypt, however, it's worth noting that for Ethiopia, with almost total reliance on rainfed 

agriculture in the Blue Nile source areas, food security is very likely to be a major concern (and possibly 

politically destabilising) during a multi-year low rainfall event. This could further hamper reasoned political 

decision-making. 

 

 

Reviewer #3 (Remarks to the Author): 

 

I reviewed the responses of the authors. The only difference is on the issue of Sudan abstraction. It is 

important to differentiate between Sudan abstraction and water balance which includes reservoirs 

evaporations. This is very sensitive for Sudan. They have to separate Sudan abstraction from reservoir 

evaporation. 


